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.H\ZRUGV((*VLJQDOVPXOWLFKDQQHOUHFRUGLQJFURVVIUHTXHQF\FRXSOLQJSKDVHDPSOLWXGHFRXSOLQJ
,QWURGXFWLRQ
$Q LQFUHDVLQJQXPEHURI VWXGLHV VKRZ WKDW&)&REHWZHHQQHXUDO RVFLOODWLRQV QHXUDO FLUFXLWSURSHUWLHV FRXOG
SOD\ DQ LPSRUWDQW UROH LQ QHXURQDO FRPSXWDWLRQ ,W LV DOVR REYLRXV WKDW &)&R FDQ FRQWULEXWH WR WKH QHXUDO
FRPPXQLFDWLRQ LQ WKHEUDLQ2QHRI WKHFULWHULDRI QHXUDO FLUFXLWV
 FDSDELOLW\ WR OHDUQFRXOGEH WKHH[LVWHQFHRI D
&)&REHWZHHQQHXURQV'LIIHUHQWEHKDYLRXUDO VWDWHV FDQEH FKDUDFWHUL]HGE\GLIIHUHQWRVFLOODWRU\ VWDWHV &RUWLFDO
IUHTXHQF\ UDQJHV FDQ FUHDWH WHPSRUDO ZLQGRZV LQ QHXUDO FLUFXLW G\QDPLFV 7KHVH WHPSRUDO ZLQGRZV DUH DEOH WR
LQWHUFRQQHFWIXQFWLRQDOO\FRUUHODWHGQHXURQDODVVHPEOLHV7KHGLIIHUHQWRVFLOODWRU\UDQJHVRIGLIIHUHQWEUDLQVWDWHVFDQ
LQWHUDFW 7KHSRZHU RI LQWHUDFWLRQRI RVFLOODWLRQV LV DW WKH EDVH RI RQH LQWHUSUHWDWLRQRI WKH EUDLQ VWDWH SURSHUWLHV
1HXURQDORVFLOODWLRQVUHIOHFWLQWHUDFWLRQVEHWZHHQWKHUHODWLYHWLPLQJSKDVHDQGWKHSRZHUDPSOLWXGHRIUK\WKPLF
DFWLYLW\ LQ LQGLYLGXDOFRPSRQHQWVRIQHXURQVQHXUDOQHWZRUNVDQGQHXUDOV\VWHPV>@7DVN UHODWHGEUDLQVWDWHV
KDYHDVWURQJFRUUHODWLRQZLWKIUHTXHQF\FRXSOLQJRIZHOONQRZQRVFLOODWRU\VWDWHV











+LJKIUHTXHQF\ EUDLQ DFWLYLW\ RVFLOODWLRQ LV FKDUDFWHULVWLF WR ORFDO UHGXFHG FRUWLFDO DUHD HYHQWV RI FRUWLFDO
SURFHVVLQJ 7KH ORZIUHTXHQF\ EUDLQ UK\WKPV DUH UHIOHFWLQJZLGH DUHD W\SH HYHQWV G\QDPLFV DFURVV GLVWDO EUDLQ
UHJLRQV:LGHFRUWLFDODUHDVDUHLQIOXHQFHGE\LQSXWVHQVRU\EXWDOVRE\LQWHUQDOFRJQLWLYHHYHQWV&)&RFRXOGVHUYH






%UDLQ DFWLYLW\ LV QRZ FRPPRQO\ UHFRUGHG DW D YDULHW\ RI GLIIHUHQW VFDOHV HDFK RI ZKLFK H[KLELWV RVFLOODWRU\
DFWLYLW\FRUUHODWHGZLWKVHYHUDOIXQFWLRQDODFWLYDWLRQLQSXWV
















WR WKH SKDVH RIRQJRLQJRVFLOODWLRQV >@ ,W LV NQRZQ WKDW KLJKQHXURQDO H[FLWDELOLW\ LV DVVRFLDWHGZLWK WKH WURXJK
PLQLPDO YDOXH RI DQ RVFLOODWLRQ WKHQ VWLPXOL WLPHORFNHG WR WKH RVFLOODWLRQ WURXJK FDQ EH SURFHVVHG IDVWHU WKDQ
VWLPXOLWLPHORFNHGWRWKHSHDNRIWKHRVFLOODWRU\ZDYHIRUP/RQJUDQJHFRPPXQLFDWLRQEHWZHHQDUHDVPLJKWDOVR














'LVWLQFW IUHTXHQFLHV FDQ DVN IRU D VSHFLDO FRUUHODWLRQ SURFHGXUH IRU D SURSHU GHWHFWLRQ RI SRVVLEOH LQWHUDFWLRQ
EHWZHHQFRQVLGHUHGIUHTXHQF\EDQGV7KH WHUPLQRORJ\IRU WKLV LQWHUDFWLRQSKHQRPHQRQ LV WHUPHGFURVVIUHTXHQF\
FRXSOLQJ3KDVH±DPSOLWXGH&)&RSURYLGHVDQHIIHFWLYHWRROWRGHVFULEHDFRRSHUDWLYHDFWLYLW\DFURVVGLIIHUHQWVSDWLDO










WHPSRUDO DQG VSDWLDO VFDOHV 2VFLOODWLRQV RI GLIIHUHQW IUHTXHQF\ EDQGV FDQ LQIOXHQFH HDFK RWKHU 7KHUH LV DQ
RVFLOODWRU\ VWDWH ZLWK KLJK IUHTXHQF\ ELRORJLFDOO\ SRVLEOH RVFLOODWLRQV EHLQJ FRRUGLQDWHG WR SKDVHV RI VORZHU
RVFLOODWLRQVLQWKHVDPHWLPHVSDFHGRPDLQ,WKDVEHHQDVVXPHGWKDW&)&RFDQEHLPSRUWDQWWRLPSURYHORQJUDQJH
FRPPXQLFDWLRQ LQ FRUWLFDO DUHDV /RFDO SURFHVVLQJ LV IDFLOLWDWHG GXULQJ WLPH ZLQGRZV RI LQFUHDVHG H[FLWDELOLW\
FUHDWHG E\ VSHFLILF SKDVHV RI WKH ORZHU IUHTXHQF\ZKLFK FDQ EH GHVFULEHG E\ D SKDVHDPSOLWXGH ORFNLQJ 3$&
7KHUH DUH VHYHUDO H[SHULPHQWV VKRZLQJ WKH HIILFLHQF\ RI SKDVH DPSOLWXGH FRXSOLQJ WKLV LV D WRSLF RI LQFUHDVLQJ
LQWHUHVW LQ QHXURVFLHQFH >@ ,W LVZHOO NQRZQ WKH H[LVWHQFH RI WKHWDJDPPD IUHTXHQF\ EDQG FRXSOLQJ LQ FRUWLFDO
UHJLRQV





















ܧܵܥ൫ ௣݂ǡ ௔݂൯ ൌ ܿ݋ݎݎሺܣ௙ೌ ሾ݊ሿǡ ݔ௙೛ሾ݊ሿሻ  
7KH0RGXODWLRQ,QGH[0,
7KH0,PHDVXUH JHQHUDWHV D FRPSOH[ YDOXHG VLJQDO  ZLWK WKH DPSOLWXGH FRPSRVHG RI WKH KLJK IUHTXHQF\
DPSOLWXGHHQYHORSHYDOXHV$ID>Q@DQGWKHSKDVHLVFRPSRVHGRIWKHORZIUHTXHQF\VLJQDO¶VLQVWDQWDQHRXVSKDVHIS
+LOEHUWWUDQVIRUP7KH0,PHDVXUHEDVHGRQLVJLYHQE\DV
ܼ൫ ௣݂ǡ ௔݂൯ሾ݊ሿ ൌ ܣ௙ೌ ή ݁௜೑೛ሾ௡ሿ  






ܥܨܥ൫ ௣݂ǡ ௔݂൯ ൌ ܿ݋݄௙೛൫ݔ௣ǡ ܣሚ௙ೌ ൯Ǥ  
:HKDYHVWDUWHGZLWK WHVWLQJ WKH&)&RPHWKRGVE\FDOFXODWLQJ WKH&)&(6&0,GLDJUDPV IRUJHQHUDWHG WHVW
VLJQDOV7KHWHVWVLJQDOVKDYHEHHQJHQHUDWHGE\VSHFLI\LQJWKHORZDQGKLJKIUHTXHQF\FRPSRQHQWVDQGWKHYDOXH
RI615VLJQDOWRQRLVHUDWLR7KHWZRWHVWVLJQDOVZKHUHJHQHUDWHGWREHSKDVHFRXSOHGZKHQWKHORZIUHTXHQF\
ZDV FRQVLGHUHGRI+] SKDVH VLJQDO DQG WKHKLJK IUHTXHQF\ZDV+] DPSOLWXGH VLJQDO7KH615YDOXHZDV









LV DFKLHYHG E\ GLYLGLQJ WKH GDWD LQWR WLPH VHJPHQWV 7KH ERXQGDULHV RI WKH VHJPHQWV DUH DW UDQGRP ORFDWLRQV
VHOHFWHGEDVHGRQXQLIRUPSUREDELOLW\WKURXJKRXWWKHVLJQDO7KHVHFWLRQVDUHWKHQUHDUUDQJHGDWUDQGRPWRFUHDWHWKH
ILQDOPL[HGVLJQDO7KLVSURFHGXUHFDOFXODWHVWKHPHDQYDULDQFHDQGSRZHUVSHFWUXPRIWKHRULJLQDOVLJQDO$VHWRI























































































Phase freq / Hz - 
 
 



























Phase freq - Hz - 
 
 


























Phase freq / Hz - 
 
 




























Phase freq / Hz - 
 
 



























Phase freq / Hz - 
 
 

























Phase freq / Hz - 
 
 





































:H DOVR KDYH XVHG WKH PHWKRGV IRU ((*B.1 UHFRUGHG DW   VWDQGDUG 7 7 HOHFWURGH
SRVLWLRQVVHFRQGUHFRUGLQJV+]VDPSOLQJSHULRG
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EEG-KN-51 filtered [0.5 - 6Hz]









Phase freq / Hz - 
 
 




























Phase freq / Hz - 
 
 

























Phase freq / Hz 
 
 






























$OO WKH WKUHH PHWKRGV DUH FRPSXWDWLRQDOO\ LQWHQVLYH WLPH FRQVXPHUV EXW IXWXUH ZRUN FRXOG LPSURYH WKH
FRPSXWDWLRQDOHIILFLHQF\7KHVHUHVXOWVPD\UHIOHFWSDVVLYHVSHFWUDOSURSHUWLHVRIIUHTXHQF\FRPSRQHQWVRIVLJQDOV
UDWKHU WKDQXQGHUO\LQJQHXURSK\VLRORJ\:HKDYHSUHVHQWHGDGDSWDWLRQV WR(6&0,DQG&)&PHWKRGV WRDQDO\VH
RXU((* UHFRUGLQJV7R HVWLPDWH WKH VWDWLVWLFDO VLJQLILFDQFHRI 3$& LV YHU\ XVHIXO7KHVH VWDWLVWLFDOPHWKRGV DUH
FULWLFDO LQ TXDQWLI\LQJ 3$& OHYHOV DQG WKHLU LPSURYHPHQW FDQ EH DQ HVVHQWLDO VWHS WRZDUGV UHODWLQJ 3$& DQG
EHKDYLRXUDOG\QDPLFVRIWKHEUDLQ$VZHNQRZSKDVH±DPSOLWXGH&)&RSOD\VDQLPSRUWDQWIXQFWLRQDOUROHLQORFDO
FRPSXWDWLRQ DQG ORQJUDQJHFRPPXQLFDWLRQ LQ ODUJHVFDOHEUDLQQHWZRUNV6WURQJ&)&H[LVWLQJ LQPXOWLSOHEUDLQ
DUHDVVXJJHVWVWKDW&)&UHIOHFWVIXQFWLRQDODFWLYDWLRQRIWKHVHDUHDV&RXSOLQJVWUHQJWKLQGLFDWHVWKDW&)&KDVWKH
QHFHVVDU\ WLPH WHPSRUDO UHVROXWLRQ QHHGHG IRU DQ HIIHFWLYHPRGXODWLRQ RI GLIIHUHQW IXQFWLRQDOO\ GLVWLQFW QHXUDO
QHWZRUNV7KDW LVZK\&)&RXVHG LQFDVHRIPXOWLFKDQQHO UHFRUGLQJVPLJKWKHOS WR ILQGPRUHGHWDLOV DERXW WKH
LQWHUUHODWLRQVDQGFRRSHUDWLRQRIGLIIHUHQWEUDLQDUHDV>@


























EEG-KN-49; filtered [0.5 - 6Hz]









Phase freq / Hz - 
 
 
























Phase freq / Hz 
 
 




























Phase freq / Hz  
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